A microcontroller-based programmable electronic switching module is designed and developed. For supplying power to this module, thermoelectric generators (TEGs) are electrically integrated to the switching module. This integrated switching module is carried out to develop a Thermoelectric-sourced Programmable Electronic Switching Module (TPESM), which has many applications in the defence, space and many other fields. This module can also be used to charge batteries and to operate some microelectronic devices. The main objective of this paper was to use the available heat sources in armament stores for some needful applications. This module was successfully developed and proved to ignite electro-explosive devices (EED) at preprogrammed timing using programmable electronic switching module, which operates by the generated voltage of TEG. This paper discusses the applications, development, operation, experiments and results of this module.
INTRODUCTION
In a war scenario, the batteries of soldier's electronic devices often discharge due to their continuous usage. This is the critical problem often faced by the soldiers as their electronic devices become non-operational without batteries. A non-conventional type of charging of these batteries using available resources will be a great help to them. Another application of this research is for power supply requirement in armament store. Generally, the armament stores have the huge thermal batteries to operate various electronic devices, as electro-explosive devices (EEDs) of the stores during their operation. For space constraint applications, using these batteries may not be feasible. This developed module solves the above-mentioned problems.
A wide range of EEDs (Danali et al. 2010) are used for performing various roles like ignition of rocket propellants, rocket motor stage separation, ignition of gun propellant, ignition of pyrotechnic devices etc. Pyrotechnic delays are designed to safely activate EEDs at a controlled time and in a pre-determined sequence for armament store. Due to some disadvantages of chemical delays, a programmable electronic switching module with high accuracy is required. These electronic devices require specified power supply for their operation as per their circuit design. In this paper, thermoelectric generators (TEGs) are used as power source. TEGs (Rowe and Min 1998) are devices which convert heat (the temperature difference across hot and cold side of TEG) directly to electrical energy, using "seebeck effect". In this study, 
MODULE DEVELOPMENT
In the present paper, the microcontroller-(Make-Microchip, PIC12F629) based programmable electronic delay device is designed and developed to switch on the electronic switch at pre-programmed timing (Babu et al. 2013) . This switching module is integrated with and powered by TEG (Giuppi et al. 2013; Riffat and Ma 2003; Kajikawa 1996) source. This integrated module can be placed on any available heat source in various space and defence applications (Abelson 2005; Goodrich Corporation 2005) in such a way that the hot side of thermoelectric generator will be on the hot surface and cold side of thermoelectric generator at ambient temperature. When TEG is subjected to heat source, the DC voltage equivalent to temperature difference of TEG's hot and cold sides is generated at its output terminals.
In this development, TEG1-12610-5.1 model is used. TEG will generate the voltage as long as the difference in temperature of hot and cold surfaces is maintained. Figure 1 is a schematic diagram of the TPESM. In this design, considering that the temperature difference may not be maintained for long times due to practical reasons, capacitor C is used to store the TEG-generated voltage. Once the hot surface of TEG is subjected to heat source, the produced voltage across TEG output will be stored in capacitor C. Once the capacitor is charged, microcontroller goes to operation mode, switches on the electronic switch at pre-programmed delay timing and ignites the EED connected to it.
OPERATION OF TPESM
• Once the microcontroller of module is programmed for certain timing, it retains the time value in its EEPROM.
• When the module is subjected to heat source, thermoelectric generator produces the output DC voltage equivalent to temperature difference of hot and cold sides of TEG.
•
This developed voltage will be stored in the capacitor bank.
Once the required voltage is developed in capacitor, the microcontroller starts its operation and switches on the electronic switch at a pre-programmed time.
• When the electronic switch is "ON", the capacitor discharges through EED and gets ignited.
EXPERIMENTS AND RESULTS
Initially, to check the performance of TEG1-12610-5.1, experiments are conducted to check the experimental voltage and current levels generated by TEG. In these experiments, we used the load resistance of 10 Ω across TEG output terminals, keeping cold side at ambient temperature of 25 °C and varying hot side temperature. Table 1 shows the voltage and current levels generated by TEG at different hot side temperatures with ambient temperature of 25 °C at the cold side. Different types of EEDs have different ignition energies. So to use the TPESM for ignition of particular EED, we have to consider the ignition energy E of EED and probable temperature difference available across TEG. For the available temperature difference, the developed voltage V from Table 1 is considered for calculating the required capacitance C of the module using Eq. 1. 
For an application, if available temperature difference across TEG could be about 280 °C, then, from the experimental data of Table 1 , 5.2 V will be generated by TEG. If the EED 
CONCLUSION
Th is module is used to harness the heat energy using TEG, and the developed voltage can be stored to ignite the EEDs for diff erent operations in defence applications. Th e feature of this module to function without any live power source (capacitor can be charged and there is no need for continuous power supply) benefi ts many of the armament applications like grenades, which have to function aft er a certain delay without any live power source. Th is means, initially, you may subject this module to heat source (by which capacitor charges) and it may be ejected, and then the module will ignite EED connected to it at a preprogrammed delay. Th ese thermoelectric generators can also be used for charging the military communication devices with available heat sources. Further, this module introduces inbuilt safety in various armament applications, as the power supply will not be supplied to EEDs, until the heat source is available to TPESM. Th is module is also useful in many other applications in our everyday life, where we can use heat energy being wasted unknowingly. As this technology is proved, a further study on this subject refers to the usage of this technology in defence products and applications.
to be ignited in the same application requires 25 mJ, then the required capacitance in this module is calculated using Eq. 1, which will be 1,849 µF.
For testing the integrated module TPESM, 25 ms delay (programmed delay) of time is programmed and output of module is connected to an EED, which requires 25 mJ of ignition energy. Here, 2,000 µF (~ 1,849 µF) capacitance is used. When TEG is paced on heating element at 280 °C, as shown in Fig. 2 , TEG produced a voltage of about 5 V and, as required, the module ignited the EED at pre-set delay of 25 ms. Both the time at which controller started operating and the time of EED ignition are monitored on oscilloscope (Make-HIOKI) for actual measured delay. For repeatability, TPESMs are programmed with pre-set delay of 25, 50, and 100 ms, and 8 tests for each preset delay are conducted. Th e summary of tests results is shown in Table 2 .Th e programmed delays shown in Table 2 
